To properly estimate and manage pesticide occurrence in urban rivers, it is essential, but often 23 highly challenging, to identify the key pesticide transport pathways in association to the main 24 sources. This study examined the concentration-discharge hysteresis behaviour (hysteresis 25 analysis) for three pesticides and the parent-metabolite concentration dynamics for two 26 metabolites at sites with different levels of urban influence in a mixed land use catchment (25 27 km 2 ) within the Swiss Greifensee area, aiming to identify the dominant pesticide transport 28 pathways. Combining an adapted hysteresis classification framework with prior knowledge of 29 the field conditions and pesticide usage, we demonstrated the possibility of using hysteresis 30 analysis to qualitatively infer the dominant pesticide transport pathway in mixed land-use 31 catchments. The analysis showed that hysteresis types, and therefore the dominant transport 32 pathway, vary among pesticides, sites and rainfall events. Hysteresis loops mostly correspond 33 to dominant transport by flow components with intermediate response time, although 34 pesticide sources indicate that fast transport pathways are responsible in most cases (e.g. 35 urban runoff and combined sewer overflows). The discrepancy suggests the fast transport 36 pathways can be slowed down due to catchment storages, such as topographic depressions in 37 agricultural areas, a wastewater treatment plant (WWTP) and other artificial storage units (e.g. 38 retention basins) in urban areas. Moreover, the WWTP was identified as an importance factor 39 modifying the parent-metabolite concentration dynamics during rainfall events. To properly 40 predict and manage pesticide occurrence in catchments of mixed land uses, the hydrological 41 delaying effects and chemical processes within artificial structures needs to be accounted for, 42 in addition to the catchment hydrology and the diversity of pesticide sources. This study 43 demonstrates that in catchments with diverse pesticide sources and complex transport 44 mechanisms, the adapted hysteresis analysis can help to improve our understanding on 45 pesticide transport behaviours and provide a basis for effective management strategies. ACCEPTED MANUSCRIPT 3 46 47 Keywords: urban pollutant; biocide; transport pathway; runoff; WWTP; urbanised catchment 48 ACCEPTED MANUSCRIPT 4 49 1. Introduction 50 51
WWTP in the catchment for treatment. The combined systems are equipped with CSOs with 138 or without retention basins (Fig. 1c) . They collect both wastewater and surface runoff, and 139 direct the flow to the WWTP. However, during heavy rainfall events, the combined systems 140 discharge excess water directly to surface water through the CSOs. The agricultural areas in 141 the catchment are characterised by a large fraction of artificially drained soils by tile drains 142 (total length similar to that of the storm sewers) and a rather dense network of roads, which 143 are sometimes linked to storm sewers. In the sub-catchment to the southeast (Urban South ), for 144 instance, roughly 30% of agricultural areas are tile drained. These structures are potential 145 shortcuts, which intercept overland flow and pesticide runoff, and transfer water and The catchment was hydrologically divided into four sub-catchments of distinct land use 149 compositions ( Fig. 1d) . Urban North is the most heavily urbanised sub-catchment (5.8 km 2 ). It 150 hosts the village with 10,000 inhabitants, the WWTP that serves the whole catchment and 151 three CSOs with a total basin volume of 450 m 3 (Fig .1c , Wittmer et al., 2010) . Three 152 sampling sites are located in Urban North : 1) the outlet of a storm sewer (site 6-StS), which 153 collects storm runoff from roughly 5.7 ha of residential area; 2) the effluent of the WWTP 154 (site 5 -WWTP), which serves the whole catchment; and 3) the sub-catchment outlet (site 2 -155 Urban north ), which is less than 500 m downstream of the effluent of WWTP and is thus heavily 156 influenced by this effluent. Urban South is a sub-catchment with mixed land uses and the other 157 village of 2,000 inhabitants (11 km 2 ). Except for the sub-catchment outlet (site 4 -Urban south ), 158 one CSO with a retention basin (300 m 3 ) was also selected as a sampling site (site 7 -CSO) in 159 this sub-catchment. Sub-catchment Agri (4 km 2 ) is agriculture-dominated with one sampling 160 site at its outlet (site 3 -AGR). Agri_drain (4.2 km 2 ) is the agriculture-dominated downstream During an individual storm event, concentrations of water quality parameters at the same 195 discharge are typically different on the rising (stage from base flow discharge to peak 196 discharge) and falling limb (the recession stage after peak discharge) of a hydrograph, have increasing instream concentration on the rising limb with peak concentration coincident 204 with peak surface runoff, resulting in a clockwise loop with positive trend. Another example 205 is substances (e.g. salt) originating and transported by base flow, which is typically a slow most measurements available for three substances at six sampling sites (#1 in Fig. 4 , except 216 for the WWTP effluent). The three pesticides (atrazine, diuron and mecoprop) represent 217 sources from agricultural fields, urban buildings and mixed sources, respectively ( Fig. 2) . simplification. The three categories are relative terms that can be roughly estimated from the 242 hydrograph. Typically, the fast response coincides with a concentration peak on the rising 243 limb (i.e. positive trend), slow response coincides with a concentration peak at the beginning 244 and end of an event (i.e. negative trend), and intermediate response coincides with a 245 concentration peak at similar timing of the discharge peak or early stage of the falling limb.
246
To determine the dominant transport pathway from the three categories, we identified the 247 possible pesticide transport pathways at a given site and the response time for each pathway 248 based on the potential pesticide sources, previous studies on the pathways and the catchment 249 characteristics (#4 in Fig. 4 ). The dominant pathway in this manner refers to the pathway with 250 highest load contribution in a given event (#5 in Fig. 4 ). For example, the artificial example in The selected rainfall events for hysteresis analysis are relatively short ( The majority of hysteresis loops for atrazine at instream sites were anticlockwise (Table 4) , 338 with no or negative trend (A1 or A3 loops, Fig. 5 and Fig. 8a) , meaning that atrazine was In the study area, diuron was mainly used as a biocide in construction paints and renders for 363 façades and roofs (Fig. 2, Gerecke et and its agricultural use was negligible during the study period. Load calculation for diuron by 7b) dominated transport, respectively, except for site AGR (Fig. 8b) , which exhibited delayed substance transport behaviours. For example, although A1 loops were obtained for both 436 diuron ( Fig. 6b) and atrazine (Fig. 5b) , the flow component contributing to atrazine was 437 clearly a lot slower than that of diuron, given that the inner loop for atrazine was located at 438 the lower concentration range. Lastly, rainfall characteristics had the strongest influence on 439 mecoprop (Fig. 7) , while its influence on atrazine and diuron was also visible from the 440 hysteresis loops, particularly for urbanised sites (Table 4) .
442
In summary, the hysteresis analysis demonstrated that the dominant transport pathways are 443 affected by the sources, chemical properties, rainfall properties and hydrological processes. Hypothetically, if a metabolite is originated from one parent substance and the two substances 460 have similar transport behaviours, the parent-metabolite concentration ratio shall remain 461 stable, regardless of sites or rainfall characteristics. With additional sources or different 462 transport mechanisms, the concentration ratio may vary among different sites or rainfall 463 events. Therefore, we examined the parent-metabolite in light of the different sites and rainfall 464 events (Fig. 10) . In total, 75 and 60 pairs of concentration data were used for glyphosate-
465
AMPA and diuron-DCPMU relationship, respectively. banned in Europe and diuron was mainly used as a biocide in urban areas during the study 472 period (Fig. 2) . Linuron can be used for a wide range of crops in Switzerland, such as carrot, 
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